Background/Aims: Juvenile myopia is a serious problem in China, the prevalence of which stays at a high level and shows an upward trend. The target of this study was to explore the factors associated with myopia in Chinese children. Methods: A cross-sectional analysis in a random sample survey was conducted in Beijing in 2008. The data collected from 15,316 Chinese school students aged 6 to 18 years, randomly selected from 19 schools were evaluated, including noncycloplegic refraction and possible genetic, environmental and behavioral factors, to explore the key risk factors for myopia. Univariate and multiple logistic regression analyses were performed to compare the OR values, and receiver operator characteristic (ROC) curves were generated to compare the differences among the areas under the ROC curves using the method of multiple comparison with the best. Results: Myopia was associated with shorter sleep times versus longer sleep times (adjusted OR = 3.37; 95%CI 3.07 -3.70), and the multivariate OR for two compared with no parents with myopic was 2.83 (95%CI 2.47 -3.24) and 1.95 (95%CI 1.69 -2.24) for reading or writing distances less than 33 cm compared to distances greater than 33 cm. Controlling for other factors, children that slept for shorter periods of time had significantly more myopic refractions (−1.69D vs −1.29D for children with longer sleeping time per day). Analysis of the areas under the ROC curves showed five variables with predictable values better than chance: age, sleeping time, reading or writing distance, hours of studying, and parental myopia. Conclusion: It was not surprising, as proved by other studies, that parental myopia, reading or writing distances, time spent on studying or other activities by using eyes were dominant risk factors associated with juvenile myopia. Our findings indicated that hours of sleeping were also closely related to juvenile myopia, in which the underlying mechanism should be explored in the future study.
INTRODUCTION
Juvenile myopia is a very common condition and a significant public health problem in China. The prevalence of myopia for Chinese school-aged students is one of the highest in the world [1] [2] [3] , and is higher in the city of Beijing (46.87% for primary school students, 71.02% for junior high school students, and 84.79% for senior high school students) than the national average and has shown an upward trend [4] . Because of myopia's high prevalence in China, it is especially important in China to be able to slow or stop myopia progression and ultimately prevent its occurrence.
Many studies have reported the possible environmental, behavioral and genetic risk factors for myopia [5 6 ], but the strength of these associations is often weak, and some prior results are often contradictory. Commonly investigated risk factors include environmental risk factors such as parental education, family income, and illu-mination condition, and behavioral risk factors such as reading distance, time outdoors and physical activity [7 8] , hours spent watching TV or using a computer, and length of time sleeping, as well as parental myopia, a possible indicator of genetic susceptibility [9] . Studies focusing on reducing the progression of myopia have had limited success. Trials using progressive addition lenses [10] , bifocals [11] , and rigid gas permeable contact lenses [12] found a small statistically significant reduction in myopic progression when compared to relevant control groups. We hypothesized that the lack of sleep would be also associated with myopia in Chinese children.
In this study, we used mass data from school-age students from primary and middle schools in Beijing to explore primary potential risk factors of myopia and evaluate their association with myopia.
METHODS

Study Design and Participants
The study protocol was approved by the Beijing Municipal Commission of Education and the Ethics Committee of School of Social Development and Public Policy, Beijing Normal University. The samples came from a multi-stage, stratified random sampling, in which 18 districts in Beijing were divided into three strata of developed, developing and undeveloped regions according to the economic indicator of the GDP; six schools, consisting of three primary schools and three middle schools, were randomly selected from each stratum, and a total of 900 students from each school were randomly selected in 2008. A thorough explanation of the study was provided to the selected students and their parents, and the parents gave their written consent for their child's participation in the study.
Finally, 15,316 students aged 7 to 18 years (mean = 12.1 ± 3.3 years) from grade 1 in primary school to grade 3 in senior high school located in different districts in Beijing (a response rate of 94.5%) were invited to participate in this survey (primary school students: 5643 (36.8%), junior high school students: 4378 (28.6%), and senior high school students: 5295 (34.6%); male students: 7434 (48.5%) and female students: 7882 (51.5%); urban areas: 6230 (40.7%) and suburban areas: 9086 (59.3%).
Measures
A questionnaire was designed to evaluate the genetic, environmental and behavioral risk factors of myopia, which included the following parts: 1) general characteristics: gender, age, parent's education level, parent's profession, family income, etc. 2) questions about near work: reading or writing distance, studying time per day last month, hours spent watching TV and using a computer per day last month, etc. 3) questions about sports, sleeping and nutrition: hours of sports per day, sleeping time per day last month, quantity of sweet foods, fruits, vegetables and high protein foods, etc. The data of parental myopia were collected by the value of the vision examination lately. The interview was carried out by the ophthalmologists from Primary and Middle School Students Health Care Centers affiliated to the District Education Committee in Beijing and the quality of the interview was controlled by disease control officers in each district center. After the interview, the children underwent an auto refractometry carried out by a senior experienced optometrist. We used an auto refractor (Topcon RM-A7000; Topcon Co., Tokyo, Japan) and did not apply cycloplegia.
Statistical Analysis
Refraction was analyzed as spherical equivalent [SE] : sphere + half negative cylinder power. Myopia was defined as an SE of at least −0.75D. Data (SE) from the right and left eyes were similar (Pearson correlation coefficient = 0.88), therefore the results from the left eyes are presented. The prevalence rate of myopia and mean refraction were described by different levels of factors and comparisons between groups of factors were tested by one-way ANOVA. The multivariate OR were calculated and their 95% confidence intervals (95%CI) were described by multivariate binary regression analysis after adjusting for other variables for myopia, with refraction as the dependent variable, and sleeping time, age, gender, parental myopia, parental education, reading or writing distance, hours of sports, and hours of watching TV or using a computer as the explanatory variables. To calculate the adjusted mean refraction for different lengths of sleep time by multiple linear regression models, the other risk factors were adjusted first. The linear trend tests were performed by assigning consecutive integers to each sleeping time-span. The areas under the ROC curves (AUC) were used to compare the specificity and sensitivity to myopia among the main risk factors including age, hours of sleep per day, father's education, parents' myopia and reading or writing distance. All Pvalues were 2-sided and considered statistically significant when less than 0.05. Data analysis was conducted using commercially available software (Stata, Ver.10.0; Stata, College Station, TX).
RESULTS
The mean refractive error was −1.45D (SD 2.50; range −14.78 to 10.37), and the prevalence rate of myopia was 53.40% (8178/15316; 95%CI 52.60% -54.19%). The median number spent hours of watching TV or using a computer and hours spent studying were 1 to 2 hours and 7 to 9 hours per day, respectively. There were 2819 (50.18%) children who slept more than 9 hours and studied 6 to 8 hours per day and 1512 (33.34%) children who studied 6 to 8 hours but slept more than 9 hours per day (P < 0.001). The spearman correlation coefficient for hours spent sleeping and studying per day was 0.26 and P value less than 0.001 by trend test on the likelihood of co-variation of sleep hours with study time. Table 1 gives the frequencies of risk factors and the mean refraction for myopia from school-aged students in Beijing. The prevalence rate of myopia was 67.31% (mean diopter: −1.97, SD: 0.06) in students older than 17 years, and that was 14.55% (mean diopter: 0.08, SD: 0.02) in students aged from 6 to 9 years. A higher prevalence of myopia and a higher refraction error for Beijing students was observed in subjects with the following characteristics: female, tertiary education, two parents with myopia, longer time spent watching TV or using a computer. The difference among each strata of factors were significant by one-way ANOVA. The prevalence rate of myopia was 68.45% in children who slept less than 7 hours, but which was 34.80% in children who slept more than 9 hours. The multivariate adjusted mean refractive errors for children who slept more than 9 hours was −1.69D (95%CI −1.77 -−1.62) compared with −1.29D (95%CI −1.36 -−1.23) for children who slept less than 7 hours (P < 0.001). For every point increase in sleeping time, there was a 0.09D shift in refraction toward less myopia values (P < 0.001; Table 2 ).
In the univariate analyses, myopia was more associated with older age (17 years or older) compared with younger age (6 to 9 years; odds ratio [OR] = 10.87; 95%CI 9.65 -12.24; day, hours spent watching TV or using a computer per day, hours of studying per day, and hours of sleep as explanatory variables. Myopia did not remain associated with gender, hours of sports per day, hours of watching TV or using a computer per day, and the association with hours of studying was marginally significant (OR = 1.43; 95%CI 1.25 -1.64 for studying more than 10 hours vs. studying less than 6 hours) in multivariate analyses, but was associated with 7 hours of sleep per day vs. more than 9 hours (OR = 3.37; 95%CI 3.07 -3.70). Myopia was also associated with reading or writing distance more than 33 cm versus less than 33 cm (OR = 1.95; 95%CI 1.69 -2.24; P < 0.001) after controlling for the same factors. Similar significant associations between myopia and hours of sleeping in the univariate analyses (OR = 2.05; 95%CI 1.96 -2.13; P < 0.001) and in the multivariate analyses (OR = 1.94; 95%CI 1.85 -2.04; P < 0.001) were found. The relationship between time asleep and myopia remained significantly positive within each stratum of hours spent watching TV or using a computer per day.
The areas under the ROC curves (AUC) associated with the univariate logistic predictive models are presented in Table 4 . The age variable had the largest AUC (0.72), and sleeping time, reading distance, and hours of studying are the next closest variables (0.65, 0.57, and 0.57). The remaining activities had AUCs between 0.50 and 0.55 (Figure 1) [13, 14] . 
DISCUSSION
In this study, parental myopia, doing work at close distances, and hours of sleep were significantly associated with myopia, where the number of hours spent sleeping and parental myopia were shown to be more important. We also found no evidence to suggest that the amount of time spent studying and watching TV or using a computer is a major factor for myopia. As a potential risk factor for myopia, sleeping time was often ignored in several previous studies about factors associated with myopia [10, [15] [16] [17] . Our data suggest that the mean hours of sleep are 9 hours per day for primary school students, 8 hours per day for junior high school students, and 7 hours per day for senior high school students in Beijing. Chinese children aged 6 to 18 years in Beijing that sleep for less time were more likely to have myopia, even after controlling for age, gender, parental myopia, father's education, reading or writing distance, and hours spent playing sports, watching TV or using a computer per day, and studying per day. Our data suggest that the amount of time spent sleeping had an association with myopia independent of the amount of time spent studying in Chinese school-aged students. However, the mechanism underlying the sleeping time-myopia relationship was not well understood. An interesting observation was that myopia (SE at least −0.75D) was not significantly associated with the number of hours spent watching TV or using a computer, studying, or playing sports per day after controlling for other factors; however, myopia remains associated with the number of parents with myopia and reading or writing distance after controlling the same factors.
Several previous studies reported the impact of family history on the development of myopia. Defining myopia as SE less than −0.75D, Mutti et al. [16] reported an OR of 6.4, and Jones et al. [5] reported an OR of 5.40 for children with two myopic parents compared to children without myopic parents, which is higher than our adjusted OR of 2.83, but the value of OR in our study was similar to Saw et al. [18] these studies may be due to sample variation, recruitment schemes, recall bias, definition of myopia, and various risk factors within the different populations. However, all of these studies suggested that the myopic status of parents is an important risk factor.
The number of hours of sports was not a significant factor in the logistic models. Myopia was not associated with hours spent playing sports less than 30 minutes versus more than 1 hour per day after controlling for age, gender, parental myopia, father's education, reading or writing distance, hours of watching TV or using a computer per day, hours of studying per day, and sleeping time per day (OR = 0.97; 95%CI 0.88 -1.08). This result was similar to Parssinen and Lyyra's [19] .
Likewise, there is no body of literature addressing the relationship between the amount of sleep and myopia. A possible explanation of the effect of sleep on myopia could be to relieve or rest the ciliary muscle and prevent or alleviate the myopic progression. Confounding effects should also be considered. Myopia has been associated with other individual characteristics such as IQ [20, 21] and personality [22, 23] . Perhaps an increase in the amount of time spent sleeping is a surrogate for more extroverted personalities from psychological characteristics. There were a few previously published reports of the association between ambient lighting during sleep and myopia. These studies concluded that nighttime light exposure during infancy was not a major risk factor for myopia development in most populations [24] . Perhaps the number of hours of sleep, ambient lighting during sleep, and the quality of sleep should be considered all together to further analyze the association between sleep and myopia.
There are several limitations in this study: 1) similar to any retrospective epidemiologic study, our analysis may be subject to recall bias; 2) the questionnaire may not be the most appropriate way to obtain details about the amount of time spent on near work or other activities associated with myopia completely; 3) the results have also been affected by deleting any missing data during the data analysis steps despite the large sample size.
